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Abstract: The biogas power plant is installed in Eastern Croatia with a rated power of 2x1
MW. Power quality indices of the biogas power plant Mala Branjevina 2 were measured
before and after the connection to the distribution network. The biogas power plant is
connected to the distribution network using a T-connection on 10 kV overhead line feeders
connected to TS 35/10 kV Laslovo and TS 35/10 kV Cepin. Power quality indices for the
biogas power plant were measured using the Fluke 1760 Three-Phase Power Quality
Analyzer (class A), and were presented according to the Croatian standard HRN EN
50160/2010 which is in accordance with the European standard EN 50160. Short circuit
ratio a between three-phase short circuit at the point of common coupling (PCC) and the
rated power of the biogas plant were also checked in accordance with the HEP National
grid code. In addition, the influence of the biogas power plant on the distribution network
was also analyzed. Results show that all the parameters of the supply voltage satisfy limits
determined by the Croatian standard HRN EN 50160:2010. Futhermore, harmonic
distortion of voltage waveform is even lower after the plant connection.
Keywords: Biogas power plant, distribution network, power quality, power quality indices,
measurements, HRN EN 50160 norm.
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1. INTRODUCTION
The electrical power system provides the production and delivery of electrical
energy in sufficient quantities to areas that need electricity through a grid. Electrical
energy is a product whose quality depends not only on the production units, but
also on the way it is being used at any instant by the equipment of multiple users.
Electrical equipment has become progressively complex due to the use of
microprocessors and electronic devices which are more sensitive to deviations from
sinusoidal supply voltage (Nikolovski, Klaic & Novinc, 2004). For those reasons it
is necessary to continuously measure and analyze power quality parameters in the
key points of the power system. The main parameters of supply voltage are: voltage
magnitude, frequency, waveform and symmetry (if multiphase systems are used).
According to the Eurpean standard EN 50160:2010, power quality analysis
typically includes the following properties of supply voltage:
• voltage dips and interruptions,
• harmonics and interharmonics,
• temporary overvoltages,
• swell,
• transient overvoltages,
• voltage fluctuations,
• voltage unbalance,
• power frequency variations,
• DC in AC networks,
• signaling voltages.
Power quality is the study of powering and grounding electronic systems so as to
maintain the integrity of the power supplied to the system (Kusko & Thompson,
2007). The European standard EN 50160 (also adopted in the Croatian standard as
HRN EN 50160:2010) gives the main voltage characteristics supplied by the public
distribution system at the customer’s supply-terminals in public low voltage and
medium-voltage distribution systems under normal operating conditions (EN
50160:2010). In order to determine the influence of the biogas power plant on the
distribution network, power quality indices of the biogas power plant Mala
Branjevina 2 were measured before and after its connection to the distribution
network.
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2. TECHNICAL DATA OF THE POWER PLANT
The biogas power plant Mala Branjevina is installed in Eastern Croatia with a rated
power of 2x1 MW. It consists of two equal production units, each containing a
STAMFORD generator with a rated power of 1 MW. The biogas power plant is
connected to the distribution network using a T-connection on 10 kV overhead line
feeders connected to TS 35/10 kV Laslovo and TS 35/10 kV Cepin. In this paper,
the influence of the second production unit, Mala Branjevina 2, on the distribution
network is presented.
Figure 1. Biogas power plant Mala Branjevina
3. POWER QUALITY MEASUREMENT AND RESULTS
According to the Croatian grid code for 10 kV networks (Croatian Electric Utility
HEP), the ratio between short circuit power of the grid at the point of common
coupling and rated power of the power plant planned to be connected has to be
higher than 1000 ( 1000). If the ratio is below 1000, power
quality analyses before and after the plant connection have to be performed. In
order to calculate short circuit power of the distribution grid at the plant connection
point, a computer model created in DigSILENT PowerFactory software is used
(Fig. 2).
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Figure 2 Part of the computer model made in DigSILENT PowerFactory software
The calculated short circuit power is 30.59 MVA, the rated power of the generator
is 1.4 MVA according to which the ratio amounts 30.59/1.4 = 21.7 which is below
the required 1000. For those reasons, the power quality measurements were taken at
the 10 kV switchyard of the power plant Mala Branjevina 2 in two periods:
1 week before the connection of the plant to the grid – from 7th till 14th
March 2012,
2 week after the connection of the plant to the grid – from 3rd to 10th April
2012.
In the measurement campaign the Fluke 1760 Three-Phase Power Quality Analyzer
(class A) was used.
3.1. Power quality measurement results before the connection of the plant
In this subsection, results of the power quality measurement that were carried out in
the week before the connection of the plant are presented and briefly commented.
Fig. 3 presents the summarized measurement results of power quality indices for the
first measuring period.
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Figure 3 Summarized power quality indices according to the standard HRN EN
50160:2010
Fig. 4 shows the average RMS voltage value before the plant connection.
Figure 4 Average RMS voltage value before the plant connection
The obtained results show that all indices are within the limit values of the standard
HRN EN 50160:2010. As can be seen from the Fig. 4, average values of RMS
voltage are within the range of +/- 10% of rated voltage required by the standard
HRN EN 50160:2010.The deviation of the voltage and current waveforms from
sinusoidal is described in terms of waveform distortion, i.e. harmonic distortion (De
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La Rosa, 2006). In order to describe harmonic distortion of the signal, the well-
known Total Harmonic Distortion (THD) index is used. Fig. 5 shows THD of
voltage prior to the plant connection. The measured value of voltage THD is below
8% which is stated in the standard HRN EN 50160:2010. The spectral analysis of
the voltage signal is shown in Fig. 6. The dominant voltage harmonics recorded
through the measurement campaign are of the odd order, especially the 3rd, 5th,
7th and 9th. All harmonic values are in accordance with the standard HRN EN
50160:2010.
Figure 5 THD of voltage before the plant connection
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Figure 6 Harmonic spectrum of the voltage signal before the plant connection
3.2. Power quality measurement results after the connection of the plant
In this subsection, results concering power quality measurements that were carried
out in the week after the connection of the plant are presented and briefly
commented. Fig. 7 presents the summarized measurement results of power quality
indices for the second measuring period. All power quality indices are within the
limit determined by the standard HRN EN 50160:2010.
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Figure 7 Summarized power quality indices according to the standard HRN EN
50160:2010 after the power plant connection
Figure 8 Average RMS voltage value after the plant connection
Fig. 8 shows the average value of RMS voltage after the plant connection. Average
values of the RMS voltage are again within the range of +/- 10% of rated voltage
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and it can be concluded that the plant does not have a negative impact on this
power quality index.
Fig. 9 shows THD of voltage after the plant connection. According to the standard
HRN EN 50160:2010, the permitted contribution of the plant to the value of the
THD index recorded before the connection has to be below 2%. As presented in
Fig. 9, the value of the THD index is even lower than in the case before the plant
connection. Fig. 10 shows the harmonic spectrum of the voltage signal after the
plant connection. The harmonic values are lower after the plant connection.
Figure 9 THD of voltage after the plant connection
Figure 10 Harmonic spectrum of the voltage signal after the plant connection
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4. CONCLUSION
In this paper, the impact of the biogas power plant Mala Branjevina 2 on power
quality indices of the distribution network is presented. The calculated ratio of short
circuit power of the grid at the point of common coupling and the rated power of
the power plant is below the required value determined in the Croatian grid code.
Accordingly, power quality analyses before and after the plant connection have to be
carried out. Analysis of the measured power quality indices before and after the
conection of the biogas power plant Mala Branjevina 2 shows that all the parameters
of the supply voltage satisfy limits determined by the Croatian standard HRN EN
50160:2010 which is in accordance with the European standard EN 50160.
Harmonic distortion of voltage waveform is even lower after the plant connection
because biogas power plant presents new power source in consumption area.
Genarated voltage value has simetrical sinusoidal waveform which decreases
harmonic distortion in observed consumption area. Evacuation of the generated
power in Mala Branjevina 2 is conducted without any problems.
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